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pathways.Wnt signaling is required for skeletal patterning in NC cells of
the pharyngeal arches in both mouse and chick, but the exact
mechanisms by which Wnts act are not well understood. We have
mapped domains of active Wnt signaling in the pharyngeal arches in
zebrafish using expression of the direct Wnt targets axin2 and n-myc
and find that they are expressed by NC cells within the pharyngeal
arches and later in cartilage precursors. Using a heat shock-inducible
transgenic line to overexpress Dkk1 (a secretedWnt antagonist) during
arch formation, we show novel requirements in patterning the ventral
(distal) mandibular arch. Reduced Wnt signaling in embryos over-
expressing Dkk1 coincides with reduced cell proliferation in NC cells in
the arches. Zebrafishdkk1 is expressed in thepharyngeal endoderm, but
this tissue remains unaffected in Dkk1 overexpressing embryos. This
suggests that Dkk1 secreted from the endoderm inhibits Wnt signaling
in neighboring NC-derived skeletal precursors to pattern the mandib-
ular arch. Genetic mosaic studies to test this hypothesis and potential
sources of Wnts in the arches will also be presented.
doi:10.1016/j.ydbio.2010.05.274
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Disease variability caused by gene/environment synergy
Johann K. Eberhart, Neil McCarthy, Mary E. Swartz
MCDB, University of Texas at Austin, USA
Disease phenotypes are typically highly variable in part due to
gene/environment interactions, but we know very little about these
interactions. We chose Fetal Alcohol Syndrome (FAS) as a model for
gene/environment interactions because FAS is genetically modulated
and has variable craniofacial phenotypes, including skull base defects,
cleft palate and jaw hypoplasia. We reasoned that some ethanol-
interacting genes would have craniofacial defects when mutated.
Therefore, we screened zebrafish craniofacial mutants for suscept-
ibility to ethanol-induced craniofacial disease. Ethanol interacts
synergistically with both fibroblast growth factor 8a (fgf8a) and
platelet-derived growth factor receptor alpha (pdgfra), generating
distinct craniofacial defects in each interaction. Untreated fgf8a
mutants have no apparent defects in the skull base. However,
ethanol-treated fgf8a mutants have a complete loss of the para-
chordal cartilages of the skull base. Untreated pdgfra mutants have
cleft anterior neurocranium (the zebrafish palate), while ethanol-
treated mutants have jaw hypoplasia and complete loss of the palate.
Furthermore, ethanol treatment causes palate defects in pdgfra
heterozygotes, revealing latent haploinsufficiency. While defective
migration causes palatal defects in untreated pdgfra mutants, pdgfra/
ethanol synergy is due to neural crest cell apoptosis. Combined pdgfra
and pdgfrb loss-of-function mimics the pdgfra/ethanol phenotype
suggesting that broad inhibition of Pdgf signaling causes the ethanol-
induced defects in pdgfra mutants. Our results suggest that gene/
environment synergy can explain variation in human disease.
doi:10.1016/j.ydbio.2010.05.275
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Characterization of the craniofacial cartilage phenotype in
zebrafish fzd7a and fzd7b mutants
Barbara E. Sisson, Jacek Topczewski
Children's Memorial Research Center, Northwestern University, Feinberg
School of Medicine, Chicago, IL, USA
The Wnt/Planar Cell Polarity pathway, initially described as a
mechanism regulating cell polarity in the Drosophila wing, controls
many aspects of morphogenesis in vertebrates. In zebrafish develop-
ment, glypican 4 and wnt5b are needed for normal convergence and
extension movements during gastrulation and the elongation of
craniofacial cartilage elements. As glypican 4 and wnt5b are well-
established members of the Wnt/PCP pathway these observations
suggest that this signaling may also control the morphogenesis of
craniofacial cartilage elements. In an effort to identify other elements of
the Wnt/PCP pathway involved in craniofacial cartilage development
we focused on determining which frizzled receptor may be part of this
Wnt signaling process. We have demonstrated that fzd7a and fzd7b are
promising candidates for this process as fzd7b is expressed in the neural
crest and the mesodermal core of the pharyngeal arches and in the
chondrocytes of newly stacked craniofacial cartilage elements and fzd7a
is initially found in the neural crest of the pharyngeal arches and later is
limited to the mesenchymal tissues surrounding the craniofacial
cartilage elements. Our analysis of the double homozygote fzd7ae3;
fzd7bhu3495 mutant phenotype revealed mild stacking problems resem-
bling defects observed inwnt5bmutants. The mild defect in the double
mutant supports our prediction that fzd7a and fzd7b act as receptors in
craniofacial cartilage morphogenesis.
doi:10.1016/j.ydbio.2010.05.276
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Ex vivo live-imaging at high resolution to directly visualize
melanin transfer from melanocytes to keratinocytes
Ryosuke Tadokoro, Kenichiro Sakai, Hidetaka Murai, Yoshiko Takahashi
NAIST, Ikoma, Nara, Japan
Melanin pigmentation in the skin is important to protect our body
fromUV irradiation.Melanocytes arewell known asmelanin-producing
cells in which melanin is synthesized in melanosomes. In the tanning
processes, melanocytes extend numerous dendrites that are attached to
surrounding keratinocytes, and subsequently melanin granules are
transferred through melanocyte dendrites to keratinocytes. Although
severalmodels for intercellarmelanin-transfer have beenproposedby in
vitro experiments, the mechanisms of melanin-transfer in vivo remain
controversial. We have developed time-lapse imaging techniques that
directly visualize the melanin-transfer in a cultured skin of chicken
embryo, where epidermal cells and melanocytes would behave in a
similar way in vivo. In this system, embryonic melanocytes are
genetically and stably labeled EGFP using transposon-mediated gene
transfer technique.We found that themelanocytes actively elongate and
change their shape with both extending and retracting the dendrites at
early stages of melanin-synthesis. As a melanin-synthesis proceeds,
these dendrites form blebs on the plasma membrane and subsequently
begin to release membrane vesicles containing melanin granules to the
extracellular space. These membrane vesicles appear to be taken up by
the surrounding keratinocytes. These observations suggest thatmelanin
granules are transferred from melanocytes into keratinocytes via
membrane vesicles in the skin of chicken embryo. This is the first report
that the process of melanin transfer is directly visualized in the
developing skin.
doi:10.1016/j.ydbio.2010.05.277
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Specification of ion-transporting cells in the Xenopus skin
Ian K. Quigley, Jennifer L. Stubbs, Chris Kintner
Molecular Neurobiology Laboratory, Salk Institute for Biological Studies,
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Amphibian skin, like the mammalian epididymis and kidney
cortical collecting duct, plays an important role in mediating ion
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homeostasis. While these tissues move protons, bicarbonate, and
other ions transepithelially with a suite of pumps and transporters,
how these proton-secreting cells (PSCs) arise developmentally is
unknown. Here, we identify a cell type in the X. laevis larval that
expresses a collection of transporters strikingly similar to those
observed in the mammalian kidney, including “kidney”-specific
isoforms of the H+V-ATPase and Cl−/HCO3− antiporters related
to pendrin and AE1. We show that the transcription factor Foxi1
drives expression, perhaps directly, of some of these genes in a
manner similar to the mammalian kidney and epididymis. Moreover,
ectopic Foxi1 expression is sufficient to promote the formation of PSC
precursors and their intercalation, thus mediating the early specifica-
tion and morphogenesis of PSCs. We also show that PSCs form in the
skin as different subtypes that strongly resemble, in both gene
expression and protein localization, the alpha- and beta-intercalated
cells of the cortical collecting duct, cells specialized for proton or
bicarbonate secretion in the mammalian kidney. Finally, we show
that the grainyhead-related transcription factor ubp1L promotes the
differentiation of beta-like PSCs and represses alpha-like PSCs. These
results hint at a mechanism for PSC specification in vertebrates and
shed light on how transport epithelia acquire cellular and functional
heterogeneity.
doi:10.1016/j.ydbio.2010.05.278
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A novel pRb protein network controlling C. elegans organogenesis
David S. Fay, Kumaran Mani, Evguenia Karina
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Studies on the C. elegans Retinoblastoma protein (pRb) ortholog,
LIN-35, have uncovered a wide range of cellular and developmental
functions that are mechanistically distinct from the canonical role of
pRb family proteins in cell cycle control. Correspondingly, mamma-
lian pRb, along with its E2F binding partners, are thought to inhibit
tumor progression at a number of distinct steps in addition to their
role in repressing cell proliferation. Using a combination of genetic,
bioinformatical, and molecular approaches, we have uncovered a
novel LIN-35-associated network that regulates development of the C.
elegans pharynx. More specifically, this pathway controls an early step
of pharyngeal morphogenesis that involves stereotypical changes in
epithelial cell shape and polarity. Proteins within this network
include several conserved ubiquitin-ligase components, a number of
transcriptional regulators, and may also involve interactions with the
microtubule cytoskeleton. These studies may provide insight into a
suggested role for pRb incontrolling cancer metastasis and more
generally can shed light on the mechanistic basis for tumor
suppression by pRb family members.
doi:10.1016/j.ydbio.2010.05.279
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Large scale analysis of gene expression in the murine
embryonic lung
Hernan Espinoza, Mark A. Krasnow
Dept. of Biochemistry, Stanford University School of Medicine, Stanford,
CA 94305, USA
Howard Hughes Medical Institute, Chevy Chase, MD 20815-6789, USA
In order to obtain a comprehensive framework for understanding
and investigating the genetic program that controls mammalian lung
development, we have systematically mapped gene expression in the
embryonic mouse lung by in situ hybridization. Our analysis of the
expression patterns of ∼2500 genes has given us insights into the
patterning of the lung, the control of the tissue and cell differentia-
tion within the embryonic lung, and numerous molecular markers for
those processes. These studies will provide the first global view of the
temporal and spatial gene expression program for the formation of
the mammalian lung. Many of the genes have specific expression
patterns that suggest important and specific roles in embryonic lung
morphogenesis. We will demonstrate how these studies focus these
subsequent analyses and provide molecular markers to better
understand changes to the lung observed in these mutants. We
believe these methods can be generalized to study the changes
caused by genetic defects, disease, toxins and drugs.
doi:10.1016/j.ydbio.2010.05.280
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Regulation of airway shape by SPROUTY-mediated control of
oriented cell division
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The sizes and shapes of the epithelial tubes that comprise organs
such as lung, kidney, and vasculature are critical for their function.
Here we investigate the mechanisms that control airway morpho-
genesis and show that early in lung development, airway shape is a
function of the orientation of planar cell division. In normal airways, a
large proportion of epithelial cell divisions are oriented parallel to the
airway longitudinal axis, whereas this distribution is randomized
when RAS-regulated ERK1/2 signaling is increased, leading to shorter
and wider airways. We have developed a mathematical model that
predicts epithelial tube shape from the distribution of mitotic spindle
angles during development, and show that the abnormal shapes of
airways in which ERK1/2 signaling is increased can be accounted
solely for by the observed alterations in mitotic spindle orientation.
Our data reveal that regulating ERK1/2 signaling is essential to
ensure appropriate oriented planar cell division, and demonstrate the
importance of the negative regulators of this signaling pathway that
are encoded by the Sprouty genes for maintaining the normal airway
morphogenesis program.
doi:10.1016/j.ydbio.2010.05.281
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Sprouty gene function in otic placode induction
Katherine Shim, Amanda Mahoney-Rogers, Jian Zhang
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Sprouty (Spry) genes encode antagonists of receptor tyrosine
kinase signaling, including Fibroblast Growth Factor (FGF) signaling.
We have found that in mouse embryos missing both the Spry1 and
Spry2 genes (Spry1−/−; Spry2−/− double mutants) the otic placode
is expanded. Consistent with a role in otic placode induction, we have
found that both Spry1 and Spry2 are co-expressed in the pre-otic
ectoderm and underlying mesenchyme. FGFs have been shown to
induce otic placode formation in multiple species including mouse,
chick, and zebrafish. In the mouse, double mutant combinations of
Fgf3 and Fgf10 or Fgf8 and Fgf3 result in the absence or dramatic
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